ABSTRACT Aims/Introduction: Preventing dropout is crucial in managing diabetes. Accordingly, we investigated whether patients who had dropped out of diabetic care are suitable candidates for the use of mobile technologies -such as smartphone applications -to support self-management (mHealth), which might help prevent dropout. Materials and Methods: We carried out a cross-sectional study in Tokyo, Japan. Patients aged 20 years or older who were clinically diagnosed as diabetic and who regularly visited the outpatient unit at the University of Tokyo Hospital were recruited between August 2014 and March 2015. Data were collected through face-to-face structured interviews, physical measurements and medical records. Participants were asked whether they were willing to use mHealth after being shown DialBetics -an mHealth application for diabetics -as an example, and about their history of dropout and previous mHealth experience. Data were analyzed by multivariate logistic regression models. Results: Of 307 patients with type 1 and type 2 diabetes, 34 (11.1%) had previously dropped out from diabetic care. Multivariate analysis identified previous mHealth experience as a negative predictor of dropout (odds ratio 0.211, P = 0.023). Of those 34 patients, 27 (79.4%) expressed willingness to use mHealth, a significantly higher percentage than for those who had never dropped out (51.5%, P = 0.002). After adjusting for confounders, history of dropout remained a strong predictor of willingness (odds ratio 3.870, P = 0.004). Conclusions: Patients who previously dropped out of diabetic care are suitable candidates for mHealth. Future studies must evaluate whether mHealth is effective for preventing repeated dropout and improving glycemic control among this population.
INTRODUCTION
Diabetes is a chronic condition requiring life-long management. Poor glycemic control leads to increased risk of complications including cardiovascular and cerebrovascular diseases, nephropathy, retinopathy, and neuropathy 1, 2 . To prevent progression of such complications, patients must adhere to dietary/ exercise regimens and medication 3 . Non-adherence results in greater morbidity 4 and higher all-cause mortality 5 . Specifically, dropping out from regular medical care is likely to result in uncontrolled glycemic status and a higher risk of complications 4, 6 . Dropout rates of diabetes patients are quite high, reportedly ranging from 4% to 19% in Britain 4, 6 , and from 12% to 50% in the USA 7, 8 . In Japan, a national survey estimated the dropout rate as 13.5% (2012 national health and nutrition survey), whereas other studies reported even higher rates of from 35% to 56.9% 9, 10 are known to have a threefold higher risk of repeated dropout than those who never dropped out 11 . Clearly, preventing dropout is crucial in managing diabetes, and several studies have analyzed the predictors of dropout and reasons for dropout 5, 7, 8, [12] [13] [14] [15] [16] [17] . Reported predictors included young age, being employed, not taking medication, poor glycemic control, having high blood pressure and smoking 5, 7, 8, [12] [13] [14] . The common reasons for dropout include conflicts with work, low perceived concern for the disease, lack of perceived necessity and financial issues 8, 15 . Because diabetes does demand life-long medical care and self-management, it is difficult to keep patients motivated. Mobile technologies might help patients counter the common reasons for dropping out. Recently, mobile technologies, such as smartphone applications (mHealth), have been shown to be effective in supporting the self-management of diabetes patients 18 . We developed DialBetics, a smartphone-based selfmanagement support system that provides real-time advice on diet and lifestyle based on the patients' measurements and input 19 . The system significantly improved hemoglobin A1c (HbA1c) in type 2 diabetes patients 19 . Other studies of mHealth technologies have also shown significant improvement of end-points including HbA1c and medication adherence 18, 20 . Although these mHealth technologies evidently make selfmanagement easier, patients' willingness to use such technologies is obviously crucial. The purpose of the present study was to investigate whether patients who have previously dropped out of diabetes care are suitable candidates for the use of mHealth.
MATERIALS AND METHODS

Study design and participants
Between August 2014 and March 2015, diabetes patients who visited the outpatient unit at the University of Tokyo Hospital, Tokyo, Japan, were recruited for the study either by their physicians or through wall posters. Eligibility criteria were being aged 20 years or older, being clinically diagnosed as having diabetes and regularly visiting the outpatient unit of the University of Tokyo Hospital. Exclusion criteria were being on dialysis, inability to communicate in Japanese, inability to participate physically/cognitively or having a condition their physicians judged too severe (e.g., patients who might have found a 1-h interview burdensome). Each patient was diagnosed with diabetes at the time of the diagnosis according to the latest Japan Diabetes Society Guideline. Typically, diagnosis for diabetes according to the Japan Diabetes Society Guideline in 2014 21 is made when: (i) HbA1c level is ≥6.5%; and (ii) fasting plasma glucose level is ≥126 mg/dL or 2-h value in an oral glucose tolerance test is ≥200 mg/dL or casual plasma glucose level is ≥200 mg/dL. No criteria were set for HbA1c levels at the time of recruitment or for diabetes duration. The study was approved by the institutional review board of the University of Tokyo and was carried out in accordance with the Declaration of Helsinki, and all participants provided written informed consent. Of the 317 patients who agreed to participate, four were excluded because they did not meet the diagnosis criteria of diabetes, and one did not complete the interview. Five whose diabetes was classified as neither type 1 nor type 2 were also excluded. In all, 307 patients with type 1 or type 2 diabetes were analyzed.
Interview and measurements
Four nurses carried out structured face-to-face interviews and took physical measurements, with weight, height, blood pressure, waist circumference and visceral fat area measured before the interview. The participants' answers were recorded on each participant's questionnaire during the interview by the nurse who carried it out.
Bodyweight, blood pressure and visceral fat area were measured using, respectively, the HBF-206IT Weight Scale (Omron Ltd., Kyoto, Japan), HEM-7081-IT Automatic Blood Pressure Monitor (Omron), and DUALSCAN (Omron). Clinical variables including type of diabetes, HbA1c, complications of diabetes (nephropathy, retinopathy, neuropathy) and medication for diabetes were taken from patients' medical records.
Participants were then asked about their work and details of their home life, about smoking, drinking, duration of diabetes, whether they had previously dropped out of regular medical care (history of dropout), family history of diabetes, medical history (hypertension, dyslipidemia, cerebral vascular disease, ischemic heart disease), stages of change in diet/physical activity according to the transtheoretical model 22 , whether they kept a daily health record, and whether they had ever used mHealth (previous mHealth experience). In addition, participants were asked whether they were willing to use mobile applications for self-management, after being shown -as an example -DialBetics 19 on a smartphone (GALAXY Note; Samsung Electronics Co. Ltd., Suwon, Korea). The function of DialBetics was introduced to them by demonstrating how graphs of bodyweight, blood pressure and blood sugar levels could be displayed. Participants were also shown how to register daily meals, type and duration of exercise, and how advice on lifestyle would be given by the system.
For history of dropout, participants were asked if they had ever discontinued care of diabetes, and if so, the reason. Dropout was defined as intentional interruption of regular visits to the doctor. Occasional medication non-adherence (e.g., forgetting to take medication sometimes) was not counted as dropout.
The transtheoretical model posits that people progress through five stages of change when trying to modify their behaviors 22 . For stages of change according to the transtheoretical model, participants were asked about their readiness to make behavioral changes in terms of diet or physical activity. They were classified as being in precontemplation (stage 1) if they did not intend to take action in the next 6 months; in contemplation (stage 2) if they intended to make a change in the next 6 months; in preparation (stage 3) if they intended to .
Statistical analysis
For categorical variables, frequencies and percentages were calculated, and the differences between the two groups were tested for statistical significance using Fisher's exact test. For continuous variables, means and standard deviations were calculated, and the differences between the two groups were tested by Student's t-test or the Mann-Whitney test. The variables were analyzed using univariate logistic regression models. Those variables with an alpha significance level of 0.20 were considered candidates for explanatory variables in multivariate analyses.
Multivariate logistic regression models were built by stepwise model selection using the Akaike information criterion. A propensity score for dropout was calculated using the multivariate logistic regression model of dropout shown in Table 2 to predict the probability of dropout for each patient (range 0-1). This score represents the patient background factors affecting dropout; it was used to determine whether it was the patient background factors affecting dropout or the experience of dropout itself that was associated with willingness to use mHealth.
The multivariate analyses included 300 participants with no data missing in the variables that comprised the final models.
All the statistical analyses were carried out using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan) 23 .
RESULTS
A total of 307 participants were analyzed. Their basic characteristics are shown in Table 1 . Briefly, their mean age was 66.3 -11.6 years (range 27-91 years), with the mean duration of diabetes 15.4 -10.2 years (range 0.5-47 years) and mean HbA1c level 6.9 -0.9%. Of the 307 participants, 34 (11.1%) had previously dropped out of diabetes care. In order to investigate the patient characteristics associated with a history of dropout, patient demographics were compared between those who had previously dropped out ("dropouts") and those who had never dropped out ('non-dropouts'; Table 1 ). The mean age of the 'dropouts' was 63.8 -12.1 years vs 66.7 -11.5 years for the 'non-dropouts' (P = 0.227). Based on Fisher's exact test, history of dropout was associated with longer duration of diabetes ≥10 years (P = 0.035), family history of diabetes (P = 0.041) and habitual drinking (P = 0.044).
To identify factors predicting history of dropout, logistic regression analyses were carried out. Univariate logistic models showed that the positive predictors of dropout were duration of diabetes ≥10 years (odds ratio [OR] 2.630, P = 0.039), family history of diabetes (OR 2.430, P = 0.035), nephropathy (OR 2.110, P = 0.043) and habitual drinking (OR 2.170, P = 0.038; Table 2 ).
Multivariate logistic regression analyses were carried out, and the final model was selected by minimizing the Akaike information criterion. The final model identified younger age, being men, duration of diabetes ≥10 years, hypertension, family history of diabetes, HbA1c ≥8.0% and habitual drinking as positive predictors of dropout, whereas previous mHealth experience was identified as a negative predictor of dropout (OR 0.211, 95% confidence interval [CI] 0.055-0.810, P = 0.023; Table 2 ).
The reason previous mHealth experience was a negative predictor of dropout could be that mHealth use tends to keep patients with diabetes motivated for treatment by the very fact of their daily inputting of measured data, diet and exercise habits. That led us to the thought that mHealth might raise motivation for diabetes care among patients who were at risk of dropout, which in turn prompted us to wonder whether patients with a history of dropout might be suitable candidates for mHealth. Accordingly, we investigated whether those participants with a history of dropout were willing to use mHealth. We were surprised to find that of the 34 patients with a history of dropout, 27 (79.4%) expressed willingness to use mHealth, a significantly higher percentage than for those who had never dropped out (51.5%, P = 0.002). Indeed, univariate logistic regression models showed that the odds of being willing to use mobile applications were 3.640-fold higher for patients with a history of dropout (95%CI 1.530-8.630, P = 0.003) than for those who had never dropped out (Table 3) . We wondered whether it was the patient background factors affecting dropout or the experience of dropout itself that was associated with willingness to use mHealth. To separate the influence of patient background factors affecting dropout from dropout itself, the propensity score for dropout was used. It was calculated to predict the probability of dropout for each patient based on the multivariate logistic regression model of dropout described in Table 2 . The propensity score for dropout was not associated with willingness in a univariate logistic regression analysis (OR 2.170, 95% CI 0.235-20.100, P = 0.494), showing that it was not the background factors affecting dropout, but the dropout itself that was associated with willingness to use mHealth.
In univariate logistic analyses, other predictors for willingness to use mHealth were younger age (OR for every 10 years increase 0.616, P < 0.001), having type 1 diabetes (OR 3.830, P = 0.039), taking insulin (OR 1.770, P = 0.036), habitual drinking (OR 1.620, P = 0.038), being employed (OR 2.670, P < 0.001), keeping daily health records (OR 1.620, P = 0.047), previous mHealth experience (OR 2.630, P = 0.004) and having no hypertension (OR for patients with hypertension 0.554, P = 0.032; Table 3 ). After adjusting for confounders in multivariate analysis, history of dropout was still a strong predictor of willingness, with adjusted odds being 3.870-fold (95% CI 1.540-9.760, P = 0.004) higher for patients with a history of dropout than for those who had never dropped out (Table 3) .
The participants who had previously dropped out were asked the main reason for dropout. The answers included lack of perceived necessity (35.3%), being too busy because of work 
DISCUSSION
To the best of our knowledge, this was the first study to investigate whether patients who have previously dropped out of diabetes care might be suitable candidates to use mHealth to support self-management. Dropout rates of diabetes patients are undesirably high 4, [6] [7] [8] [9] [10] , and preventing dropout is crucial because it is likely to result in poor glycemic control and higher risk of complications 4, 6 . Furthermore, previous reports suggest that patients with a history of dropout have a higher risk of dropping out again 11, 15 . Recent studies have shown that mHealth technologies are effective in improving glycemic control and medication adherence in diabetes patients [18] [19] [20] , raising expectations that mHealth might be effective in preventing repeated dropout and improving glycemic control in patients with a history of dropout. However, it had not been determined whether patients who have previously dropped out could Duration of diabetes mellitus (DM; n = 306), family history (n = 305), body mass index (BMI; n = 305), habitual drinker (n = 306) and stages of change (SOC): physical activity (n = 302). For all the other variables, 307 participants were analyzed. CVD, cerebral vascular disease; HbA1c, hemoglobin A1c; IHD, ischemic heart disease. be suitable candidates for mHealth, as patients' willingness to engage in mHealth would be crucial. Because we first had to ascertain what patient backgrounds were most associated with dropout, we identified the predictors of dropout. Multivariate analyses showed that younger age, being men, longer duration of diabetes, hypertension, family history of diabetes, poorer glycemic control and habitual drinking were all identified as positive predictors of dropout, whereas previous mHealth experience was identified as a negative predictor (OR 0.211, 95% CI 0.055-0.810, P = 0.023; Table 2 ). Although most of the dropout predictors our analysis identified were consistent with previous reports 5, [11] [12] [13] [15] [16] [17] , the finding that previous mHealth experience is a negative predictor of dropout was novel. As the current study was cross-sectional, a causal relationship cannot be asserted; the result that participants with previous mHealth experience were less likely to have previously dropped out might be because these participantswho were, after all, motivated enough to use mHealth for selfmanagement -had generally good adherence. Alternatively, mHealth might have had effects in preventing dropout in some of the patients. It could be that mHealth use keeps patients with diabetes motivated to continue treatment simply because it requires the daily input of measured data, diet and exercise habits. That continuous involvement in self-management might keep them from dropping out of care. In addition, mHealth might promote accessibility to care. In any case, the result prompted us to investigate whether patients with a history of dropout could be suitable candidates for mHealth. We therefore investigated whether these patients were willing to use mHealth.
To our surprise, patients who had previously dropped out from diabetes care were more likely to express willingness to use mHealth than those who had never dropped out (79.4% vs 51.5%, P = 0.002). Even after adjusting for confounders in multivariate analysis, the odds of being willing to use mHealth were 3.870-fold higher for patients with a history of dropout (95% CI 1.540-9.760, P = 0.004) than for those who had never dropped out (Table 3) . Furthermore, patient background factors affecting dropout -represented by the propensity score for dropout -were not associated with willingness (Table 3) . This led to the insight that the dropout experience itself influenced willingness. The finding that patients with a history of dropout are more likely to express willingness to use mHealth was 1.540 (0.778-3.060) 0.215 *P < 0.05, **P < 0.01, ***P < 0.001. † Duration of diabetes mellitus (DM; n = 305), family history (n = 304), body mass index (BMI; n = 304), habitual drinker (n = 305) and stages of change (SOC): physical activity (n = 301). For all the other variables, 306 participants were analyzed. CVD, cerebral vascular disease; HbA1c, hemoglobin A1c; IHD, ischemic heart disease.
unexpected. Given that patients were usually required to do more than just visit a clinic in order to use mHealth -they had to measure and input data, such as blood glucose, blood pressure, weight, physical activity and diet -we expected that patients who had been non-compliant and had dropped out would show less interest in mHealth than patients who had never dropped out. The present results showed the opposite. One can assume that the patients who previously dropped out have now recognized the importance of attendance, and would not drop out again if they think they can use such mHealth to support their self-management.
Previous reports had suggested that most non-compliant patients do realize that diabetes is a serious condition that could cause complications 15, 24 . However, as a result of weighing the merits of continuing diabetes care (e.g., pursuit of health) and its demerits (e.g., barriers because of personal and social circumstances), it was thought that they might decide to discontinue the care 24, 25 . In the present study, the main reasons for dropout were low perceived necessity (35.3%) followed by difficulties in taking time off work (26.5%) and relocation (11.8%); this was similar to previous reports 8, 15 . It could be that mHealth can help overcome those barriers to continuous care by providing that care across space and time. Because conflict with work schedules had previously been reported as the most frequently given reasons for dropout 8, 15 -and was the second leading reason in the current study -if clinic visits are complemented by mHealth, their frequency will be reduced.
As for the patients who cited low perceived necessity as a reason, the importance of continuous care might not have been sufficiently explained by healthcare providers or understood by the patients. So mHealth can be beneficial to these patients by providing them with information and education about diabetes. Furthermore, with mHealth, patients can take as much time as they need to attain a good understanding of general and personalized healthcare information, complementing the explanations by healthcare providers that necessarily have to be given within limited amounts of time. In addition, as mHealth is introduced to the patients by their physicians, it might help strengthen the physician-patient relationship, thereby enhancing the patient motivation that is especially necessary for continuous care by patients with mild glycemic status 24 . Because the current study included both type 1 and type 2 diabetes patients, possible differences between the groups in willingness to use mHealth must be considered, as type 1 diabetes is not a lifestyle disease, but an immune-mediated disease 3 . The results of univariate analysis showed that having type 1 diabetes is a positive predictor of that willingness; however, this finding was discarded in the final model of the multivariate analysis (Table 3) . A larger study might be required to evaluate the differences between the groups, because just 16 patients (5.2%) with type 1 diabetes were included in the present study.
Some possible limitations to the present findings have to be considered. First, the questionnaire used in this study was newly developed by us; it had not previously been validated, as willingness to use mHealth has not been explored before. However, this was a scientific questionnaire, and our results showed that the questionnaire had competent validity and reliability. Second, the results necessarily reflect conditions only at the university hospital in Tokyo; and as Tokyo is the biggest city in Japan, those results might not be entirely valid for other regions because of different implementation and different degrees of literacy about information technologies. Comparisons with surveys in other regions should be explored in future studies. Third, as the study was of cross-sectional design, it cannot be determined whether the predictors are causes or consequences. Previous mHealth experience was identified as a negative predictor of dropout, although a causal relationship cannot be established. Also, the clinical effects of willingness on glycemic control could not be determined. Future study is required for measuring those effects -especially to evaluate whether longterm compliance and glucose control is improved by mHealth among the targeted population of patients who dropped out. Finally, the participants with a history of dropout in the current study represented only a subgroup of overall dropouts, because they had come back to regular diabetes care by the time the interviews took place. However, given the fact that most characteristics of the patients with a history of dropout in the current study were in accord with those of previous reports, the present findings are reliable enough to evaluate the characteristics of those patients.
In conclusion, we have shown that diabetes patients who have previously dropped out from medical care are likely to express willingness to use mHealth. Furthermore, previous mHealth experience was identified as a negative predictor of dropout. In order to retain patients in medical care and prevent progression of complications, it might be helpful to identify patients who are at high risk of dropout and provide them with mHealth tools to support long-term self-management.
